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2 Theory and Experimental
Methods
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2.1 Thin Film Silicon
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2.1.1 Hydrogenated Amorphous Silicon
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2.1.2 Hydrogenated Microcrystalline Silicon
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2.1.3 Thin-Film Silicon Solar Cells
   	
 	 

0
 Voltage V [mV]
 
 
cu
rr
en
t d
en
si
ty
 J
 [m
A
/c
m
2 ]
0
JM
JSC
VM
VOC
  	
          
 Vm    Jm      
        Jsc  
  Voc
    !
"  μ!
" #       
                 
$ %       &   '   
    #           
  (       Vbi)       $)
  fi          
    fi     +$,-
#       $   .     
  #/)      )  0 / 0/
    #/ +$$) $	- #    #/      
   (         
  fi    ff     2   3
             
   3 fl #       ) 
56
   	
 	
 





	


	

	
  	
         
          
              
          
          
       ff      
" #   "      
   $
            %&' 
   (   (    )
 ffi η  fi    (  $ ( %Pm'  
$    ( %Pill'
η =
Pm
Pill
. %'
    %Voc'     (    $ 
       %Jsc'  fi    
 ,   (   "  Pm   fi  %FF '
FF =
Pm
Voc · Isc =
Vm · Im
Voc · Isc %'
( Vm  Jm        $ ( 


	
		

						
	

	





	

	
		



			

2.2 Sample Preparation
2.2.1 The Five-Chamber Deposition System
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2.2.2 Plasma-Enhanced Chemical Vapor Deposition
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2.3.2 Optical Emission Spectroscopy
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2.3.3 Solar Cell Characterization
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3.2 Integration of a Raman Setup into a
Parallel-Plate PECVD Reactor
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3.2.1 Optical Path of the In-situ Setup
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3.3 Integration of a Raman Setup into a
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3.4.1 Plasmas Inside a Cavity
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3.4.4 Shielding the Feed Through with Metallic Grids
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3.5.2 Finite Element Simulations of the Laser Induced
Temperature Increase
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4 Determination of the Crystalline
Volume Fraction of Growing
μc-Si:H Layers
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4.1 Recording and Processing of the in-situ
Raman Spectra
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4.1.2 Parameters Determining the Intensity of the Collected
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4.2 Estimation of the Errors in the Determination
of the Crystalline Volume Fraction
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4.3 In-Situ Measurements of the Crystalline
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4.4 In-situ Study of the Initial Phase of Deposition
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4.4.2 Influence of the Substrate on the Initial Phase of
Deposition
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5 Influence of a Process Instability
on Layer Growth and Solar Cell
Performance
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5.1 Influence of a Process Disturbance on the
Plasma and the Growing Film
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5.1.1 Design of the Experiment
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5.1.2 Reaction of the Plasma Composition to a Change of
the Source Gases
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5.2 Influence of a Process Disturbance on μc-Si:H
Solar Cell Performance
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5.2.2 Influence of the Width of the Disturbance
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5.3 Transmission Electron Microscopy of Layers
Deposited with a Disturbance
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6 Influence of the Deposition
Parameters on the Film
Temperature
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6.1 Calibration of the Temperature Measurements
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6.3 Determination of the Film Temperature in
Different Growth Regimes
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6.3.1 Observation of the Film Temperature at Constant
Deposition Parameters
(  $ #    	      *      &  # %
 	#    & $ #	  ( $(     *  $
 #     +  $	 fi	  #   ($
    - ( $  ff  # #( $ 		 #	%
   	  Tfilm   $ #    		 )      
$       %   &    	 $  
     $ # ( $ $      $(      (
  /      ( $ 	 ) '	      ±  	−1
 ±  	−1 (  	 $    % #  $
#     
0   1 $( $ fi	 	#     $ #   
  fi $ $ 	# (   ◦2   $ #  
 $    /&    $    $(  $ 	%
	    fi	 	#  $& +◦2  	   $
#   3#  $      	    $&  ◦2
  /   $ ( # #   3  $ +  #   
	 #    Tfilm  $& +◦2   / 
$     	#   $      $ $ 	# $

  	
	
   	  	
 	ff
  	
0 10 20 30 40 50
0
75
150
225
300
375
450
  10 Torr
0.5 W/cm2
 
 
 





	


	
T  





deposition time tdep [min]
  18 Torr
0.8 W/cm2
  	
          
  ff        
          
               
              
     	        
!"   !#    $     % &
  ' &       Theat    
 ( )    )     
 *  ff      fi ff  
      	

  %           ffi 
         ff  
           * 
      
  -              
 .!/  )   *  ) 
      
!"	
  fl 	 
 
 
  
  

0 25 50 75 100 125 150 175 200
0
25
50
75
100
125
150
175
200

 	
   	

 
 
 





	


	
T  





 t 


   

 	
   	

  	
      μ
      	   
        fl  

6.3.2 Controlling the Film Temperature by adjusting the
External Heating
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